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BRAKE DEVICE 



BACKGROUND OF THE INVENTION 
L Field of Invention 

[0001] This invention is related to a brake device which contains a failure 
detection device. 

2. Description of Related Art 

[0002] An example of a brake device which contains a failure detection 
device is mentioned in Japanese Laid-Open Patent Application No. 11 -278238. In 
this Japanese Application, a brake device comprises ® a brake operation position 
detection device which detects the position of a brake pedal, ® a brake fluid pressure 
detection device which detects the pressure of the brake fluid, (D a failure detection 
device which detects fluid leakage based on the relations between the detected brake 
fluid pressure by the brake fluid pressure detection device and the detected brake 
operation position by the brake operation position detection device, and ® a brake 

fluid pressure control device which controls the brake fluid pressure in different 
patterns based on whether fluid leakage is detected or not by the failure detection 
device. 

[0003] The brake fluid pressure control device comprises an electromagnetic 
fluid pressure control valve which can control the brake fluid pressure, and the supply 
of electric current to the electromagnetic fluid control valve is controlled so that the 
brake pressure depends on the amount of brake operation. The output gain to decide 
this amount of supply electric current is enlarged more compared to the case where the 
fluid leakage is not detected. Therefore, the decline of a brake fluid pressure caused 
by the fluid leakage can be controlled. 

[0004] However, in the above mentioned brake device, only fluid leakage 
failure was detected, and the several types of failures are not detected distinctively. 
Therefore, for example, the type of failure might not be distinguished, and the control 
of the brake pressure might not be done appropriately at the time of the failure. 

[0005] The subject of this invention is that the types of the failures can be 
detected and distinguished, and the brake fluid pressure can therefore be controlled 
appropriately at the time when the failure is detected. 



2 



SUMMARY OF THE INVENTION 
[0006] A brake device having a fluid pressure source device which generates 
the fluid pressure based on the operation of a brake operating member, and that is 
actuated by the fluid pressure generated by the fluid pressure source, comprises: a 
5 brake operating amount detector which detects the operating amount of the brake 
operating member, a fluid source pressure detector which detects the pressure 
generated in the fluid pressure source device, and a failure detector which detects the 
types of the failures distinctively of the brake device based on the pressure detected by 
the fluid source pressure detector and the amount of the brake operation detected by 
10 the brake operating amount detector. 

[0007] In this brake device, the types of the failures in the brake device are 
detected distinctively based on the amount of brake operation and the pressure of the 
fluid pressure source device. For example, since the conditions of the fluid pressure 
source device are different based on the types of the failures, the types of the failures 
1 5 are detected distinctively based on the pressure of the fluid pressure source device 
corresponding to the amount of the brake operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[dQ08] FIG. 1 is a figure of a brake system which shows the brake device 
according toi one embodiment of this invention. 
20 FIG. 2^s an explanatory figure which shows the pressure control valve 

contained in the\bove brake device. 

FIG. 3 is a o^ock diagram of the fluid pressure control device of the above 
brake device. 

FIG. 4 shows the\;elation between the master pressure controlled by the fluid 
25 pressure control device contained in the above brake device, and the assistance power 
(the target pressure difference)S 

FIG. 5 is a flow chart whicli shows the multi-mode failure detection routine 
that is stored in the ROM of the abovVfluid pressure control device. 

FIG. 6 is a figure which shows the relations between the brake operating 
30 power and the master pressure in the above Drake device. 

FIG. 7 is a flow chart which shows the failure related brake pressure control 
routine that is stored in the ROM of the above fluid pressure control device. 



FIG. 8 i^a flow chart which shows the normal brake pressure control routine 
stored in the ROM of the above fluid pressure control device. 

FIG. 9 shows the relation between the operation power and the master pressure 
of the brake pedal in the above brake device. 

FIG. 10 shows the operation power and the condition of the change in the 
master pressure when large amount of fluid leakage failure is detected in the above 
brake device, respectively. 

FIG. 1 1 shows me operation power and the condition of the change in the 
master pressure when a gjmall amount fluid leak failure is detected in the above brake 
10 device, respectively. 

FIG. 12 shows the Operation power and the stroke, the booster pressure and the 
condition of the change in each fluid pressure of two pressure chambers of the master 
cylinder when the bottoming\condition occurred in the above brake device, 
respectively. 

1 5 FIG. 1 3 shows the mast^ pressure and the changing condition of the operation 

power in the above brake device \vhen the servo function failure occurred during the 
brake operation. 

FIG. 14 is a flow chart whicVi shows the multi-mode failure detection routine 
that is stored in the ROM of the fluid pressure control device contained in the brake 
20 device in another embodiment of this invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0009] A brake device which is one embodiment of this invention is 
explained in detail based on the drawings. 

rOOlO] A brake pedal 10, which functions as a brake operating member, is 
25 connectecTbQ a master cylinder 14 through a vacuum booster (hereafter abbreviated to 
"booster") 12 in^G. 1. The master cylinder 14 is of the tandem type, in which two 
pressure pistons engaged with each other in series can slide, and two pressure 
chambers are formed by eachsOther independently in the housing in the front of each 
pressure piston. The master cylinder 14 generates an equal fluid pressure in each of 
30 the pressure chambers mechanically, coi^e^onding to the brake operating power 

which is the pedal power of the brake pedal 1 ONl^e brake device in this embodiment 
is a two system-type brake. 



[t>Clll] The detailed explanation of the booster 12 is omitted because it is a 
common devib^ which comprises a vacuum chamber 12a connected to a surge tank 
(the air intake side^af the combustion chamber of the engine) and a pressure 
chamber 12b connecteotevflie vacuum chamber 12a or to the atmosphere depending 
on the brake pedal 10 operationXHiis pressure difference does not increase any more 
after the pressure of the pressure chamb^l2b increases to the atmospheric pressure 
even if the brake ped3Kl 0 is operated furth^XHie condition when the pressure of the 
pressure chamber/l^n/aches the atmosphere, is the^Hmitation point of the brake 
power assistance, and the fluid pressure of the master cyuh4er 14 when the booster 12 
reaches the limitation point of the brake power assistance is theiimitation pressure of 
the brake power assistance, 

[0012] In this embodiment, the brake power characteristic control which 
assists the brake power is done the moment after the booster 12 reaches the limitation 
point of brake power assistance. 

[0013] The brake cylinders 56 which operate each brake 54 of the left and 
the right front wheel are connected to one pressure chamber of the master cylinder 14, 
In addition, the brake cylinders 60 which operate each brake 58 of the left and the 
right rear wheel are connected to the other pressure chamber. 

[0014] The master cylinder 14 is connected to the brake cylinders 56 of the 
left and the right front wheel FL, FR by the main fluid path 64 in the fluid pressure 
brake system on the front wheel side. The main fluid path 64 is extend from the 
master cylinder 14 and diverged to two fluid paths, and it is constructed by connecting 
one core fluid path 66 and two divergence fluid paths 68. A pressure control valve 70 
is disposed in the middle of the core fluid path 66, and the above-mentioned brake 
cylinder 56 is connected at each of the ends of each divergence fluid path 68. A pump 
fluid path 72 is connected to the part between the pressure control valve 70 and the 
brake cylinders 56 in the main fluid path 64, and a pump 74 is disposed in the middle 
of that. The pump 74 is driven by a pump motor 76. 

[0015] In FIG. 2, the pressure control valve 70 controls the connecting 
condition between the master cylinder 14 and the brake cylinders 56, and it controls 
the pressure difference between them by a magnetic mechanism. The pressure control 
valve 70 comprises a housing, which is not illustrated, a valve member 80, which 
controls the circulation condition of the operated fluid between the master cylinder 
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side and the brake cylinder side in the main fluid path 64, and a valve seat 82, which 
can be contacted by the valve member 80, and a coil 84, which controls the relative 
movement of the valve member 80 against the valve seat 82. 

[0016] In this pressure control valve 70, due to the force of spring 86, the 
valve member 80 is spaced from the valve seat 82 under the non-activated condition 
(off condition), when the coil 84 is not excited. Therefore, the flow of the operating 
fluid of both directions between the master cylinder side and the brake cylinder side 
are permitted in the main fluid path 64. If the brake operation is done, the fluid 
pressure of the brake cylinders 56 is changed because of the increasing of the fluid 
pressure in the master cylinder 14, and these fluid pressures become the same 
pressure. During this brake operation, if the fluid pressure of the master cylinder (the 
pressure of the brake cylinder) becomes high, the valve member 80 is never contacted 
to the valve seat 82 as long as the coil 84 is not excited, because the valve member 80 
is pushed away from the valve seat 82. In other words, the pressure control valve 70 
is a normally open valve. 

[0017] On the contrary, during the operated condition of the coil 84 (on 

by the magnetic power of the coil 84, and the 
the armature 88 is contacted to the valve seat 82. 
pushed by the attraction force Fl based on the 
magnetic power of the coil 84, the si; m of the power, which is the pressure difference 
operating force F2 based on the difference between the fluid pressure of the brake 
cylinder and the master cylinder and the bias force F3 of the spring 86. 

[0018] When the attraction force M is larger than the sum of the pressure 
difference operating force F2 based on th/ difference between the fluid pressure of the 
brake cylinder and the master cylinder, ii the formula F2 <F1 -F3 is satisfied, the 

valve member 80 is contacted to the yalve seat 82, and the drain of the operating fluid 
from the brake cylinder is interrupted. The fluid pressure of the brake cylinders 56 is 
increased, because the operating fluid of high pressure being supplied by the pump 74, 
and it can be raised more than tlfie fluid pressure of the master cylinder 14. 

[0019] The pressure difference operating force F2 becomes higher with an 
increase of the fluid pressure of the bi ake cylinder, and if the formula F2 >F1 -F3 is 
satisfied, the valve member 80 is uns ^ated from the valve seat 82. The operating fluid 
of the brake cylinders 56 is returned to the master cylinder 14, and it is decreased. In 



condition), an armature 88 is moved 
valve member 80 which moves with 
At that time, the valve member 80 is 
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this formula, if the bias force F3 is ignored, the fluid pressure of the brake cylinder is 
controlled to the pressure based on the pressure difference of the attraction force Fl, it 
is higher than the fluid pressure of the brake. In addition, the relative position of the 
valve member 80 against the valve seat 82 may be decided by the pressure difference 
> operating power, the attraction force and the bias force, therefore, the distance 

between these elements, i.e., the opening degree, can be controlled by the control of 
the attraction force. The amount c f the attraction force Fl , which is the magnetic 
power of the coil 84, is designed t® change linearly corresponding to the amount of the 
exciting current I of the coil 84. \ 
1 0 [0020] A bypass path 92 is provided in the pressure control valve 70 as 

shown in FIG. 1, and a bypass valve 94 is set up as a check valve in the middle of that 
bypass path 92. Even if, when the brake pedal 10 is depressed, the pressure control 
valve 70 is closed by the fluid power to the movable member in the pressure control 
valve 70, or the pressure control valve 70 is locked closed mechanically, the flow of 
15 the operating fluid which flows to the brake cylinders 56 from the master cylinder 14 
is retained. 

[0021] A pressure holding valve 100, which is a normally open 
electromagnetic valve, is disposed in the part at the side of the brake cylinders 56 from 
the connecting point with the pump fluid path 72 of each divergence fluid path 68. 
20 When the pressure holding valve is excited, it becomes closed, and the brake 

cylinder 56 and the master cylinder 14 and the pump 74 are interrupted under that 
condition, and the fluid pressure of the brake cylinder is held constant. The bypass 
path 102 is connected to each pressure holding valve 100, and the bypass valve 104 
for retuming the operating fluid is disposed in each bypass path 1 02 as a check valve. 
25 [0022] A reservoir path 106 extends to a reservoir 108 from the part between 

the pressure holding valve 100 and the brake cylinder 56 in each divergence fluid 
path 68. A decompression valve 110, which is a normally closed electromagnetic 
valve, is disposed in the middle of the reservoir path 106. When the decompression 
valve 1 10 is excited, it becomes open, and the flow of operating fluid from the brake 
30 cylinder 56 to the reservoir 108 is permitted; therefore, the fluid pressure of the brake 
cylinder is deceased under that condition. 

[0023] The reservoir 108 is constructed such that a reservoir piston 1 12 is 
disposed in a housing in a substantially air tight condition and is slidable therein. The 
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operating fluid is disposed in a reservoir chamber 1 14 under the pressure by a 
spring 116, which functions as an assist means. A reservoir chamber 1 14 is connected 
to the main fluid path 64 by the pump fluid path 72. The pulsation of the pump 74 is 
reduced by a damper room 128 and an orifice 129. 
5 [0024] The part between a suction valve 124 and the reservoir 108 of the 

pump fluid path 72 is connected to the part between the master cylinder 14 and the 
pressure control valve 70 in the main fluid path 64 by a fluid supply path 130. A flow 
control valve 132 is disposed in the middle of the fluid supply path 130. The flow 
control valve 132 is a normally closed electromagnetic valve, and its condition is 
10 changed from the closed condition (Off : supply obstruction condition) to the open 
,1| condition (On : supply condition) when its coil is excited. 

J': [0025] A check valve 134 is disposed in the part between the connecting 

51) point of the fluid supply path 130 in the pump fluid path 72 and the reservoir 108. 

■-is] 

This check valve 134 is set up to prevent the flow of operating fluid from the master 
15 cylinder 14 to the reservoir 108; therefore, the operating fluid of the master 
dl cylinder 14 is flowed to the pump 74 in the high pressure. In addition, the reservoir 

|j=| path 106 is connected between the check valve 134 and the reservoir 108 of the pump 

5l; fluid path 72. A sub fluid supply path 140 which extends from the master 

reservoir 136 is connected between the two check valves 124,134 of the pump fluid 
20 path 72. In the middle of the sub fluid supply path 140, a sub flow control valve 142 
and a check valve 144 are disposed in series. 

[0026] In this manner, in this embodiment, both the master cylinder 14 and 
the master reservoir 136 are connected to each of the suction sides of the pump 74 
through the fluid supply path 130 and the sub fluid supply path 140. The operating 
25 fluid is supplied by the master reservoir 136 through the sub fluid supply path 140 at 
the time of traction control and vehicle stability control, and the operating fluid is 
supplied by the fluid supply path 130 at the time of the brake power characteristic 
control. When the fluid pressure of the brake cylinder 56 is controlled to the higher 
pressure than the fluid pressure of the master cylinder 14, if the operating fluid of the 
30 master cylinder 14 is supplied to the pump 74, the consumption energy of the 

pump 74 can be reduced when the fluid pressure of the brake cylinder 56 is controlled 
to have the same pressure. When the operating fluid is supplied by the master 
cylinder 14 through the fluid supply path 130, the flow control valve 132 is placed in 
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the open condition, and the sub flow control valve 142 is placed in the closed 
condition. In addition, when the operating fluid is supplied by the master 
reservoir 136 through the sub fluid supply path 140, the flow control valve 132 is 
placed in the closed condition, and the flow control valve 142 is placed in the open 
5 condition. 

[0027] There is an advantage to supplying the large amount of operating 
fluid to the pump 74 (brake cylinder) by the sub fluid supply path 140. The fluid 
supply i3ath_13 P must b ea strong _ and co mparatively thin pipe, because the fluid 
pressure of the master cylinder is high, and it is difficult to supply a large amount of 

10 operating fluid of the master cylinder 14 to the pump 74 because there is an orifice 
between the master reservoir 136 and the master cylinder. On the other hand, since 
the fluid pressure of the master reservoir 136 is close to atmospheric pressure, the sub 
fluid supply path 140 can be made from a thick rubber pipe, etc., for example, and a 
large amount of operated fluid can be supplied. 

15 [0028] The check valve 144 is provided to prevent the drainage of the 

operating fluid from the master cylinder 14 to the master reservoir 136 when both of 
the flow control valves 142,132 are placed in the open condition. Though normally 
both of the two flow control valves 132,142 are not placed in the open condition, for 
example, the master cylinder 14 can be connected with the master reservoir 136 in the 

20 condition that one of the valves is kept in the open condition and the other valve is 
controlled to be in the open condition by the electrical control. 

[0029] In this embodiment, the first compressing device 150 is constructed 
by the fluid supply path 130, the flow control valve 132 and the pump 74, and the 
second compressing device 152 is constructed by the sub fluid supply path 140, the 

25 sub flow control valve 142 and the pump 74. The first compressing device 150 and 
the second compressing device 152 are not limited to the above-mentione d tractjo n 
cont^ol-and-brake-po^^er^ha£a^^ and can be applied at the failure time 

of the brake device, too. The reason why the check valve 144 is provided in the fluid 
supply path 140 of the front wheel side is th at it is more important to retain the br ake 

■ • -r ~ 

30 power of the front wheel side than the rear wheel side. The check valve 144 also may 
be provided in the fluid supply path on the rear wheel side. With regard to the fluid 
pressure brake system on the rear wheel side, the explanation is omitted because it is 



the same as the fluid pressure brake system on the front wheel side, and therefore the 
same numbers are used. 

[0030] The hardware structure of this brake device has been explained; next, 
the software structure is explained based on FIG. 3. This brake device comprises a 
fluid pressure control device 1 80 which has a computer. The fluid pressure control 
device 180 comprises a CPU 182, a ROM 184, a RAM 186, an input section 188 and 
an output section 190. The ROM 184 memorizes the multi-type failure detection 
routine shown in the flow chart of FIG. 5, the normal brake pressure control routine 
(brake power characteristic routine) shown in the flow chart of FIG. 8, the related 
failure brake pressure control routine shovm in the flow chart of FIG. 7, the flow 
control valve control routine and the anti-lock control routine, etc. Each of these 
routines is carried out by the CPU 1 82 using the RAM 1 86. 

[0031] The brake power characteristic control means that the brake power 
characteriStiq^which has the relation between the brake operating power^^and the 
vehicle deceleratioi^€^s controlled so as to increase the vehicle deceleration G in the 
same proportion of the brake'^aperating power f in spite of a decrease in the power of 
the booster 12. It can be referred to aS^^^brake power assist control because it can 
assist the brake power when the booster 12 reacltes-the^lm^^ point of the brake. 
It also can be referred to as the servo power control, because the-s^vo^ratio is 
controlled. 

[0032] A master cylinder pressure sensor 200, 201, a stroke sensor 202, a 
pedal power sensor 203 and a wheel speed sensor 204 are connected to the input 
section 188 of the fluid pressure control device 180. The master cylinder pressure 
sensor 200, 201 is disposed in each of the main fluid paths 64 of the main fluid 
path 64 of the front wheel side and the rear wheel side, and it detects the fluid pressure 
of the two pressure chambers of the master cylinder 14, respectively. The stroke 
sensor 202 detects the stroke of the brake pedal 10, and the pedal power sensor 203 
detects the operation power of the driver given to the brake pedal 10. These stroke 
sensors 202 and the pedal power sensor 203 detect the operating amount of the brake 
pedal 1 0, and correspond to the brake operating amount detector. In addition, in this 
embodiment, a fluid pressure source device 206 comprises the booster 12, the master 
cylinder 14, the first compressing device 150, the second compressing device 152 and 
the control valves 100, 110. The master cylinder pressure sensor 200, 201 
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corre^onds to the fluid source pressure detector which detects the fluid pressure of 
the fluid pressure source device 206. In this embodiment, the failure is detected based 
on the detected fluid pressure by the master cylinder pressure sensor 200 disposed in 
the brake system on the front wheel side. The brake power of the brake of the front 
5 wheel side is larger, therefore, the necessity of detecting its failure is high. 

[0033] A wheel speed sensor 204 is provided in each wheel, and outputs the 
wheel speed signal of each wheel. The brake slip condition and the wheel 
acceleration, etc., are calculated based on the wheel speed of each wheel, and the anti- 
lock control, etc., are performed based on that. In the anti-lock brake control, the 
1 0 pressure holding valve 1 00 and the decompression valve 110 are controlled such that 
C3 the fluid pressure of the brake cylinders 56, 60 is controlled so that the braking slip 

\\ condition of the wheel may be kept in the proper condition. 

^ [0034] On the other hand, a motor controller 208, a drive control circuit 210, 

'^j 212 and an informing device 214 are coimected to the output section 190 of the fluid 

JJ 15 pressure control device 180. The pump motor 76 is connected to the motor control 
1,. through a drive control circuit, which is not illustrated. The pump motor 76 is 

^ controlled by the drive control circuit based on commands from the motor 

f% controller 208. 

& 

[t [0035] The coil 84 of the pressure control valve 70 is connected to the drive 

20 control circuit 210, and each coil of the pressure holding valve 100, the 

decompression valve 110, the flow control valve 132 and the sub flow control 
valve 142 is connected to the drive control circuit 212. The electric current control 
signal which controls the magnetic power of the coil 84 linearly is output in the drive 
control circuit 210 of the coil 84 of the pressure control valve 70, the ON/ OFF 
25 driving signal for driving the ON/OFF control of the coil is output to the pressure 

holding valve 100 and the decompression valve 110, the flow control valve 132 and 
the drive control circuit 212 of each coil of the sub flow control valve 142 
respectively. 

[0036] The informing device 214 is operated based on the type of failure, 
30 and the driver is informed of the type of the failure by the operation of the informing 
device 214. The informing device 214 contains, for example, a warning sound 
generating device which generates a voice message or a buzzer, and can also contain 
an indication device which has an indication display or a waming lamp and so on. In 

\ 
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the case of the indication in the indication display or the voice message, the type of 
the failure can be informed. In the case of the buzzer or the lamp, the type of the 
failure can be informed by changing the flashing pattem of the warning lamp, 
changing the frequency of the buzzer sound or changing the occurrence pattem 
5 corresponding to the type of flashing of the warning lamp. The informing device 214 
can indicate not only the type of the failure but also the occurrence of the failure itself. 

[0037] It is now explained the brake power characteristic control that is done 
in this brake device. In this embodiment, when the booster 12 reaches the limitation 
point of brake power assistance, the pressure increasing stage of the brake cylinder 56 

10 by the pump 74 is started. In other words, as shown in FIG. 4, when the master 

cylinder fluid pressure (hereafter abbreviated to the "master pressure") PM reaches the 
master pressure PMB (it is limitation pressure of brake power assistance, hereafter 
abbreviated to the "start pressure") the booster 12 reaches the limitation point of brake 
power assistance, the pressure increasing stage is started, the target pressure P* is 

1 5 decided so that the servo ratio may be kept at a constant both before and after reaching 
the limitation point of brake power assistance and the assistance pressure AP is added. 

[0038] When the servo ratio is held constant, as shown in FIG. 4, the 
assistance pressure (the target pressure difference) AP is increased corresponding to 
the increasing of the master pressure PM, therefore, the assistance pressure AP is 

20 determined by the master pressure PM. In other words, if the pressure control 

valve 70 is controlled in order to control the assistance pressure (the target pressure 
difference) AP, the brake cylinder fluid pressure (hereafter abbreviated to the "brake 
pressure") can be controlled so as to be a higher pressure than the master pressure PM 
by the assistance pressure AP, the brake fluid pressure can be approached to the target 

25 fluid pressure when the brake operating force is multiplied by the servo ratio. 

Furthermore, as above mentioned, the magnetic power (in this embodiment, it 
corresponds to the attraction force) by the coil 84 is increased by the amount of 
current, the predetermined relations between the attraction force and the pressure 
difference (assistance pressure AP) are satisfied. Therefore, the supplying electric 

30 current value I of the coil 84 can be determined based on the assistance pressure AP, 
and the amount of supplying electric current can be determined based on the master 
pressure or the brake operating force. 
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[0039] In this embodiment, the determined supplying electric current is 
based on the brake operating force, but it also can be determined based on the master 
pressure. 

[0040] The routine shown in the flow chart of FIG. 8 is carried out 
repeatedly during the brake operation. In step SI (hereafter expressed as "SI"; the 
same type of abbreviation is used for other steps as well), it is judged whether the 
brake device is in the normal condition. When it is in the failure condition, the step 
S2 or the steps after step S2 are never carried out. As for the detection of the failure 
condition and the control of the failure condition, they are described later. 

[0041] When not in the failure condition, the judgment in step SI becomes 
NO, and it is judged whether the master pressure PM is higher than the start pressure 
PMB in step S2. When it is higher than the start pressure PMB, the judgment 
becomes YES, and the pedal power F detected by the pedal power sensor 203 is read 
in step S3, and in step S4, the target pressure P* is determined as shovra in the graph 
of FIG. 4. In step S4, the assistance pressure AP is calculated based on the target 
pressure P* and the actual master pressure PM, and the supplying electric current I of 
the coil 84 of the pressure control valve 70 is determined based on the assistance 
pressure AP. 

[0042] In the limited assistance power control, as described, since the brake 
fluid pressure is increased higher than the master pressure, the operated fluid is 
supplied to the brake cylinders 56, 60 by the first compressing device 1 50. The flow 
control valve 132 is changed to the open condition, the sub flow control valve 142 is 
changed to the closed condition, the operating fluid of the master cylinder 14 is drawn, 
compressed and supplied by the pump 74. The brake fluid pressure approaches to the 
target pressure by controlling of the pressure control valve 70. 



[0043] The following is an explanation of the detection of the failure. In this 
embodiment, several types of failures, the servo function failure of booster 1 2 and the 
fluid leakage failure (a large amount of fluid leakage failure and a small amount of 
fluid leakage failure) is detected distinctively. The failures are detected in accordance 
with the operation of the multi-type failure detection routine shown in the flow chart 
of FIG. 5, the failure detection is done based on the fact mentioned in the table in 




FIG. 6. 



[0044] J^s shown in FIG. 
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9, if the master pressure PMO, at the time that the 



brake operating power is the first predetermined operation power FO, becomes higher 
than the first predetermined fluid p -essure Pthl, it is the normal condition or the small 
amount fluid leakage failure. If thelmaster pressure PMO becomes smaller than the 7 

*ljil , it is the servo function failure or the small X^^v^^^^^^ 



first predetermined fluid pressure Pi 
amount leakage failxire. \ 

[0045] In this embodiment, the first predetermined operation power FO is 
decided baSfed^n, for example, the set load of th'eT-^^^Spiing^^hich is contained in 
the booster 12 and thelTrastgrcylinder 14, etc. When the brake device is in the normal 
condition, the first predetermined^utd-^iiiessure Pthl is made a smaller value than the 
master pressure at the time that the operation powerts4he first predetermined 
operation power\FOyi he nonnal_cond^ 
flui^eakag^-is'occurring. 

[0046] When the booster 12 is in the normal condition, the brake operating 
powered the assistance power of the booster 12 are added to the output member in 
the booster TS^nd the output of the q^^^t^^mber is added to the^^essure^i^^ 
the master cylinder"T4^n the booster 12, if the brake operating power added to the 
inputlnember through the wa^e pedal 10 becomes larger than the power based on the 
/setToad of the retum spring of the irtput member, the input member is moved against 



^0. 



the power of the retum spring, the control v§:tve is placed in the operating condition, 
and the power piston generates the assistance pow^M^^the master cylinder 14, if the 
output power added to the pressure piston becomes bigger tRajo^the^wer based on 
the set load of the retum spring of the master cylinder 14, the pressure-piston is moved 




against the power of the retum spring, and the fluid pressure is generated in 
^ess^e^^^^^ej. 

[0047] On the contrary, when the booster 12 is in the failure condition, the 
power added to the pressure piston corresponds to the brake operation power because 
the power piston may not generate the assistance power. When the power added to 
the input member is bigger than the set load of the retum spring of the power piston 
(in general, the set load of the retum spring of the input member is much smaller than 
the set load of the retum spring of the power piston and it can be ignored), the power 
piston is moved, and when the power added to the pressure piston becomes larger than 
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the set load of the return spring of the master cylinder, the power piston is moved and 
the fluid pressure is generated in the pressure chamber. 

[0048] Clearly by the above explanation, when the booster 12 is in the 
normal omdition, if the power added to the pressure piston (the brake operation power 
by the driveriand assistance power by the booster 12) is beyond the set load of the 
retum spring of the master cylinder 14 (F0% FIG. 9), the fluid pressure is generated in 
the pressure chamber>^d in the case of the servo function failure, while the power 
(the brake operated pow^^dded to the pressure piston is smaller than the set load of 
the retum spring of the masteN^ylinder 14, the fluid pressure is not generated in the 
pressure chamber. Therefore, if me value between these powers is determined to be 
the first predetermined operation powfer FO, and the first predetermined fluid pressure 
Pthl is determined to be a smaller value n»m the master cylinder pressure in the brake 
^device of the normal condition, failure of th^ooster 12 and ajargea mount of flu id 
V leakage^mTbedetec^^ whethe^j] ^ detected master pre ssm:e is ^ 

greater than the first predeterminedjfluid Dressur§„P^^ not. u he first 
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predetermined operation pow^^^l^and the firsfpredfete^ined fluid pressure Pthl can 
be referred to as the servo function failure judgment operation power an d the servo 
function failure judgment fluid pressure, respectively. 

[0049] If the master pressure PM2 based on the second predetermined 
operation power F2 of the brake operation power is higher than the second 
predetermined fluid pressure Pth2, it can be the normal jondidigfi or the servo function 
failure, ifitis smaller than that, it can bgjhe fluid le^caggjailure because the 
ObottomingfamH"e condition can be caused by the fluid leakage, but not by the servo 

function failure. J^/^'^/o^V 

[0050] The second predetermined operation power F2 is smaller than the 
corresponding operation power of the limitation point of the brake power assistance 
PMB of the booster 12, and the second predetermined operation power F2 generates a 
big enough master pressure when the bottoming condition has not occurred, the 
predetermined fluid pressure Pth2 is a very small value. The reason the second 
predetermined operation power is smaller than the corresponding operation power of 
the limitation point of the brake power assistance PMB of the booster 12 is that it is 
desired that the failure condition should be detected while the brake fluid control is 
not performed. 
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^51] Thebottoming conditionjs-the-conditio 
cylinder 14, t 




j^ich, in the master 



;ont pressure pis ton of the two pressurep istbns i s contacted to the 
/stopper o^the master^5**A4£r 14 (it also may be the bottom part of the master 

Kliaer)/tiierear pressure pis^tyS^ieeiiJacted to the front pressure piston, or both 
conditions^occIIrXSie^^ pistonJs*coTrt^ed to the master cylinder and the 

rear pressure piston is contacted to the front piston). 

[0052] Then, as shown in FIGS. 10 and 11, during the occurrence of fluid 
leakage the fluid pressure of the master cylinder of the brake system is decreased to a 
very small value (almost 0), and it is decreased to a value smaller than the second 
predetermined fluid pressure Pth2. On the other hand, as shown in the FIGS. 10 and 
1 1 , when the servo functio n failur e„occurs^t he master j c.ylinder-pressur.e„b ecom es a 
higher value than the second predetermined fluid pressure Pth2. Since the fluid 
pressure corresponding to the brake power is generated in the master cylinder 1 4, the 
fluid pressure never de creases ^ ctinuch 




[0053] ("The second predetermined operation power F2 and the second 
predetermined fluid pressure Pth2 can be referred to as the fluid leakage failure 
judgment operation power and the fluid leakage failure j udgment f luid pressure 
respectively, they 



can be reterreTTto asThe brake system failure judgment 
opefafion power and the brake system failure judgment fluid pressure, respectively. 
The main reason of the brake system's failure is the fluid leakage. 

[0054] Furthermore, the bottoming condition happens because of the fluid 
leakage, but the bottoming conditio n does not cause the fluid leakage. The fluid 
leakage causes the bottoming condi ;ion; therefore if the b^ ttorningj:.ondition is 
delected— the^fluid-leakag g^can be de tected. As described above, the bottoming 
condition can be detected, even if th!e master pressure is a very small value, in spite of 



that the brake operation power is bij 



pressure andjhepressure of the vac 
"booster pressure") 



, but, as shown in FIG. 12, i£alsja,can-b e, detec ted 



based on the chan ging condition of t le operating power, the stroke, the master^ 




u|zm 



chamber (hereafter abbreviated to the 



As shown in (a), when the bottoming condition occurs (when either 
vof ® -® occurs), tK&Tc^rating power becomes large rapidly. The reaction power 

adS^d-to^e pressure piston corresponding^o the operating power becomes large, but 
if the master pressure becomes small rapidly because oi^the bottoming condition, it is 
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common that the op^tion power is increased rapidly by the driver. Therefore, when 
the increasing gradient erf the operation power is larger than the predetermined 
increasing gradient, the bottoming condition can be detected. In addition, the 
bottoming condition can be Greeted based on the changing condition of the increasing 
gradient of the operation powerN^r example, it can be detected based on whether the 
increasing gradient of the operation p&\^r is larger than the predetermined value, or 
whether the increasing rate of the increasin^radient is larger than the predetermined 
ratio. 

^056] As shown in (b), when the bottoming condition occurs, the operation 
10 gradient of ths^stroke becomes very small. The amount of the operating stroke of that 
situation is beyono^thqamount of the usual brake operation. Therefore, when the 
amount o£the^troke^s^^ 

gradignt-olJh©-st4'^k^4s~very~smaiyl^^ be jietermine dAat^the,bQttQmiQ g condition, 
has_accurr©d^In addition, this occurrence o^tiaebottoming condition can be detected 
1 5 distinguishably from the situation in which the drivehk^ps the operation stroke of the 
brake pedal 10 constant during the brake operation. 

[0057] When the bottoming condition is detected, the two pressure pistons 
are contacted to each other in the master cylinder 14, and the front pressure piston is 
contacted with the body etc. of the master cylinder 14 (the above mentioned situation 
20 ® )• The stroke does not increase further, it is kept in that value, but when the rear 
pressure piston is contacted to the front pressure piston, or when the front pressure 
piston is contacted to the body etc. of the master cylinder, the stroke increases slightly. 
But in this situation, the increasing gradient becomes very small. 

[0058] As shown in (c), when the bottoming condition occurs, the pressure 
25 of the vacumlVsQhamber 12a of the booster 12 (the booster pressure) approaches the 
vacuum pressure cn^ig^d from the approaching the atmospheric pressure even if the 
operation power added to thei9i:ake pedal is on the increasing state. The booster 
pressure is approached to the atmosphere pressure by the stroke operation of the 
operation of the brake pedal 10, if the operafe>astroke is kept at the constant, the 
30 booster pressure is approached to the vacuum pressure^n addition, the situation in 
which the operation stroke is kept at the constant is the situatiQnthat the brake 
operation power is released by the driver, and the bottoming condition can be detected 




distinguishably from the abovOs^ituation based on the changing situation of the 
booster pressure while the brake operation power is increasing. 

[0059] The bottoming condition is not that in which the two pressure pistons 
are contacted with each other in the master cylinder 14 and the front pressure piston is 
contacted to the body etc. of the master cylinder (the above mentioned case ® or ©), 

the booster pressure does not approach the vacuum pressure at once because of the 
bottoming condition, the approaching speed to the atmospheric pressure becomes 
small, or the booster pressure is sometimes kept at the constant pressure. In these 
cases, when the bottoming condition occurs, it changes from the former condition to 
the other condition in which the booster pressure approaches to the vacuum pressure. 

IQ060] As shown in (d), in the brake system in which the fluid leakage is not 
occurring, ^^^^e;n the bottoming condition occurs, the master pressure is increased 
rapidly based on uieNmcreasing of the brake operation power. As shovm in (e), in the 
brake system which the iktid leakage is occurring, the master pressure is decreased 
rapidly. Therefore, if the decrea§mg gradient of the master pressure is larger than the 
predetermined decreasing gradient, the;^ottoming condition can be detected. Also, 
when the decreasing gradient of the master'^prcssure is larger than the predetermined 
gradient in the bottoming condition and the amoih^of the fluid leakage is small, it is 
not always larger than the predetermined gradient wherHlie amount of the fluid leak is 
large because, as shown in FIGS. 1 1 and 12, the master pressttf^^is also very small 
before the bottoming condition when the amount of the fluid leakagls^^is large. 

[0061] In this embodiment, the bottoming condition is detected based on 
these facts. The bottoming condition can be detected if at least one of (a)-(e) is 
satisfied, but the bottoming condition also can be detected if two of (a)-(e) are 
satisfied. In this case the accuracy of detection of the bottoming condition can be 
improved. 

[0062] In addition, in this embodiment, the servo function failure which 
occurs in the brake operating state also can be detected. As shovm in FIG. 13, when 
the servo function failure occurs during the brake operation, the master pressure 
decreases rapidly, and the increasing gradient of the brake operation power becomes 
large, the phenomenon which is the same as the bottoming condition occurs (the 
quasi-bottoming condition). However, when the servo function failure occurs during 
the brake operation, it is common that both the decreasing gradient of the master 
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pressure and the increasing gradient of the operation power are smaller than the case 
in which the bottoming condition occurs. As described above, the increasing gradient 
of the operation power and the decreasing gradient of the master pressure during the 
bottoming condition of the case in which one of the pressure pistons is contacted (the 
5 case ® © ) is smaller than the case in which the two pistons are contacted with each 

other and the front pressure piston is contacted to the master cylinder itself etc. ((D). 

Therefore, in this embodiment, the threshold value of the changing condition to detect 
the bottoming condition is a predetermined small value, and both the bottoming 
condition and the servo function failure during the brake operation are detected. 

1 0 [0063] On the other hand, as shovm in FIG. 1 3, the master cylinder PM2 

during the servo function failure is not lower than the value shown with a solid line, 
and the master pressure PM2 at the time the operation power is the second 
predetermined operation power F2 never becomes smaller than the second 
predetermined fluid pressure Pth2. Therefore, it can be detected distinguishably \ 

1 5 between the servo function failure and the bottoming condition during the brake j 
operation. ^- — 
[0064] The multi-type failure detection routine shown in the flow chart in 
FIG. 5 is carried out repeatedly during the brake operation. In step S21, it is judged 
whether the pedal power detected by the pedal power sensor 203 is larger than the first 

20 predetermined operation power FO. When it is larger than the first predetermined 

operation power FO, the judgment becomes YES, and the master pressure PMO at that 
time is read in step S22, and memorized in RAM. When it is smaller than the first 
predetermined operation power FO, the judgment of step S21 is done repeatedly until 
the detected pedal power is increased to FO. 



25 [0065] Next, in step S23, ii 



\ 



is judged whether the increasing gradient of the 



operation power is larger than the pri ^determined increasing gradient a. This judges 
whether it is the bottoming condition or the quasi-bottoming condition. When the 
increasing gradient of the operation ppwer is larger than the predetermined increasing 
gradient, in step S24, it is judged whether the passing time after the above condition is 

time. If the passing time is shorter than the 
Dmes NO, and it is returned to step S21, and 
from step S21 to step S24 are carried c ut repeatedly until the passing time is beyond 
the predetermined time. 



30 satisfied is beyond the predetermined 
predetermined time, the judgment bee 
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[0066] When it passes the predetermined time after the judgment in step S23 
becomes YES, the judgment in step S24 becomes YES, and it is judged whether the 
operation power is larger than the second predetermined operation power F2 in 
step S25. When it is larger than the second predetermined operation power F2, the 
master pressure is read in step S26,land it is judged whether the master pressure PM2 
is smaller than the second predeterrnined fluid pressure Pth2. When it is higher than 
the second predetermined fluid pressure Pth2, the judgment becomes NO, and in 
step S27, it detects that the servo fur&ction failure occurs during the brake operation, 
when it is smaller than the second predetermined fluid pressure Pth2, it detects that it 
is the fluid leakage failure. In this case, the actual bottoming condition is detected, it 
is judged whether the master pressurelPMO is smaller than the first predetermined 
fluid pressure Pthl in step S28. Wheri it is smaller than the first predetermined fluid 
pressure Pthl in step S29, it is determined to be a large fluid leakage failure, when it 
is higher than the first predetermined fliiid pressure Pthl, it is determined to be a small 
fluid leakage failure in step S30. \ 

[0067] On the other hand, when the condition of step S23 in not satisfied, 
the judgment becomes NO, and it is judged whether the master pressure PMO 
memorized in step S22 is larger than the first predetermined fluid pressure Pthl in 
step S3 1 . When it is smaller than the first predetermined fluid pressure Pthl , the 
judgment becomes NO, and it is determined that a servo function failure occurred in 
step S32. When the master pressure PMO is larger than the first predetermined fluid 
pressure Pthl, the judgment becomes YES, and it is determined that the normal 
condition occurred in step S3 3. When the failure is detected, the flag corresponding 
to the type of the failure (the servo function failure, the small amount leakage failure 
and the large amount leakage failure) is set. 

[0068] As described, in this embodiment, several types of failures are 
distinguished based on the operation power as the amount of the brake operation and 
the master pressure as the pressure of the fluid pressure source device and so on. It 
can detect either of the servo function failure, the small amount fluid leakage failure 
and the large amount fluid leakage failure. Since the failure of the front wheel side is 
detected based on the fluid pressure of the pressure chamber which is cormected to the 
brake system of the firont wheel side (the detected fluid pressure by the master cylinder 
pressure sensor 200), it can detect the failure of the front wheel side precisely. The 
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multi-types failure detection program can be carried out during the non-brake control 
period only. The brake fluid pressure is controlled by the different condition based on 
the type of failure. 

[0069] The brake control routine to cope with the multi-type of failure 
shown in the flow chart of the FIG. 7 is carried out repeatedly during the brake 
operation. It is judged whether the servo function failure occurs or not in step S51, it 
is judged whether the large amount fluid leak failure occurs or not in step S52 and it is 
judged whether the small amount fluid leak failure occurs or not in step S53. It is 
judged whether the flag corresponding to each of the failures is set or not. When it is 
the normal condition, all flags are in a reset state and all the judgments from step S51 
through step S53 are NO. In this case, the pressure control valve 70 is controlled 
based on the operation of the above mentioned normal condition brake fluid pressure 
control routine. If the judgment of either of step S51 through step S53 becomes YES, 
the informing device 214 is operated based on the type of the failure. ^\ 
^70] If the servo function failure is detected, the judgment of step ^3 
becomes YES>^e brake fluid pressure is controlled by the first compressing 
device 150 in stepM4 through step S56. The target pressure P* is set when the servo 
ratio is constant. It is seHqthe value of the booster 12 in the normal condition, or 
after the booster 12 reaches thelicmtation point of the brake power assistance, it is set 
to the value which is determined by tifen^ormal condition brake control, hereafter 
abbreviated to the target pressure of the norm^IvCondition. When the servo function 
failure occurs, the master pressure becomes a little shi^l, but since the fluid leakage 
does not occur, the brake fluid pressure can be controlled mHl:ie same value of the 
target fluid pressure P*. 

[0071] The target fluid pressure P* in the servo function failure can be set to 
the smaller value than the target fluid pressure in the normal condition. If the brake 
fluid pressure is set to the smaller value than the normal condition, the failure of the 
brake device can be informed to the driver surely. 

[0072] If the large amount fluid leakage is detected, the judgment becomes 
YES in step S52, and in step S57 through step S59, the brake fluid pressure is 
controlled by the first compressing device 150. In this case, the target fluid pressure is 
set to a value higher than in the normal condition. The reason why the first 
compressing device 150 is selected is that a large amount of operating fluid is 
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consumed when the fluid leakage is the large amount, if the second compressing 
device 152 is selected, the large amount of the operating fluid of the master 
reservoir 136 is consumed. 

[0073] In this embodiment, when the fluid leakage of the front wheel side is 
5 detected, the target fluid pressure P* of the rear wheel side can be set to the maximum 
value. If the brake fluid pressure of the rear wheel side is controlled to the maximum 
value, it can prevent the shortage of the brake power of the whole vehicle. 

[0074] When the small amount fluid leakage failure is detected, in step S60 
through step S62, the second compressing device 152 is selected, the target fluid 
10 pressure is set to a value higher than the normal condition and to a value smaller than 
the large amount fluid leakage failure condition. If the second compressing 
device 152 is selected, the large amount of the operating fluid can be supplied from 
the master reservo^rT^J^^ reduce the delay of the pressure increase of the brake 
fluid. 

15^ [0075] As described, in this embodiment, since the type of the failure is 

detected distinctively, the brake fluid pressure is controlled based on the type of tlQy 
failure and the brake pressure can be appropriately controlled based on the type of the 
failure. Since the informing deviceJ214 is operated based on the type of the failure, J 
the driver can recognize the type of the failure based on the operation of the informing 
20 ^device 214. 

[0076] As described above, in this embodiment, the failure detection device 
is constructed by the memorized and operated part of the multi-type failure detection 
routine in the flow chart in FIG. 5 of the fluid pressure control device 1 80 and, the 
brake fluid pressure control device is constructed by the memorized and operated part 
25 of the brake fluid control of the multi-type failure routine in the flow chart of FIG. 7. 

[0077] In the failure detection device, the bottoming detection device is 
constructed by performing step S23 with the fluid pressure control device 180 and, in 
the brake fluid pressure control device, the leak amount control device is constructed 
by the memorized and operated part of steps S58, S59, S61 and S62 of the brake fluid 
30 pressure control device, and the brake operating condition determining device is 
constructed by the memorized and operated part of steps S54, S57 and S60. 

[0078] In the above described embodiment, although it is judged whether the 
increasing gradient of the brake operating power is larger than the predetermined 
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increasing gradient in S23, it also can be judged whether the decreasing gradient of 
the master pressure is larger than the predetermined increasing gradient, or whether 
the changing gradient of the stroke is very small or not, or whether the booster 
pressure approaches the vacuum pressure or not. It also can be judged whether two of 
5 the above mentioned conditions are satisfied or not. If it is judged based on the 

changing condition of the stroke or the changing condition of the booster pressure, in 
step S23, the judgment becomes NO when the servo function failure is occurring. In 
this case, it can distinguish the normal condition from the servo function failure in the 
brake operation based on the decreasing gradient of the master pressure. If it is 
10 detected based on the decreasing gradient of the master pressure, the judgment 

becomes NO in the large amount fluid leak failure. In this case, if it is judged whether 
J the master pressure PM2 of the second predetermined operation power F2 is larger 

than the second predetermined fluid pressure Pth2, it can distinguish the large amount 
fluid leakage failure from the servo function failure and the normal condition. 
fy 1 5 [0079] If it is judged based on the booster pressure, a pressure sensor to 

detect the pressure of the vacuum chamber 12a of the booster 12 should be provided. 
^ [0080] The step S25 is not essential. If it is judged based on the master 

M pressure which is the pressure when the time passed after the judgment of step S23 

^ becomes YES reached the predetermined time T or after (the operation power F2'), it 

20 can be detected as either the bottoming condition or servo function failure. 

[0081] Furthermore, the first predetermined operation power FO and the 
second predetermined operation power F2 are not limited to the above-mentioned 
values. In FIG. 9, the first predetermined operation powej is larger than the operation 
power FO' and smaller than the operation power Fl, and the second predetermined 
25 operation power F2 is larger than the operation power F2' and smaller than the 

operation power corresponding to the assistance pressure PMB of the booster. In this 
case, the master pressure which is compared with the first predetermined fluid 
pressure Pthl is set to the value where the operation power is larger than the operation 
power FO' shown in FIG. 9 and smaller than the operation power Fl, the master 
30 pressure which is compared with the second predetermined fluid pressure Pth2 is set 
to the value where the operation power is larger than the operation power F2' shown 
in FIG. 9 and smaller than the operation power corresponding to the assistance 
pressure PMB. 
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[0082] In step S28, it can be judged whether the absolute value of the 
decreasing gradient of the master fluid pressure is larger than the predetermined value. 
If the absolute value of the decreasing gradient is larger than the predetermined value, 
it can detect the small amount fluid leakage failure. 

[0083] Furthermore, it is not essential that the brake fluid pressure is 
controlled based on the type of the failure and the informing device is operated. If 
either of the brake fluid pressure control or the operation of the informing device is 
operated, it can enjoy the effect of this invention. It is not essential to include the 
informing device. 

[0084] It can be detected by the operation of the multi-type failure detection 
routine shown in FIG. 14. In this case, the bottoming condition is not detected. It is 
detected based on the relation between the master pressure PMO at the time when the 
operation power is the first predetermined operation power FO and the master pressure 
PM2 at the time when the operation power is the second predetermined operation 
power F2. 

[0085] If the master pressure PM2 at the time when the brake operation 
power is the second predetermined operation power F2 is smaller than the second 
predetermined fluid pressure Pth2 and if the master pressure PMO at the time when the 
operation power is the first predetermined operation power FO is smaller than the first 
predetermined fluid pressure Pthl, it is detected that the large amount fluid leakage 
failure occurred in step S76. If the master pressure PMO is larger than the first 
predetermined fluid pressure Pthl, it is detected that the small amount fluid leakage 
failure occurred in step S77. 

[0086] Furthermore, if the master pressure PM2 at the time when the brake 
operation is the second predetermined operation power F2 is higher than the second 
predetermined fluid pressure Pth2 and if the master pressure PMO at the time when the 
operation power is the first predetermined operation power FO is smaller than the first 
predetermined fluid pressure Pthl, it is detected that the servo function failure 
occurred in step S79. If the master pressure PMO is higher than the first 
predetermined fluid pressure Pthl, it is detected that the normal condition occurred in 
step S80. 

[0087] As described, the types of the failures can be detected distinctively 
without detecting the bottoming condition. 
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[0088] The applicable brake structure is not limited the above embodiment; 
it is applicable to other structures. For example, the pressure control valve 70 can be 
replaced with an electromagnetic opening and closing valve. In this case, the pressure 
of the brake cylinder 56 is controlled by changing the opening and closing state of the 
electromagnetic opening and closing valve. 

[0089] The flow control value 132 can be replaced with an electromagnetic 
flow control valve which can control the flow rate based on the supplying current. In 
that case, the supplying flow rate to the brake can be controlled by controlling the 
flow rate of the operating fluid which flows through the electromagnetic flow control 
valve. In the small amount fluid leakage failure, if the allowable flow rate is 
increased, the supplying flow rate to the brake can be controlled, 

[0090] Furthermore, the booster 12 need not be a vacuum booster; it can be 
replaced with a hydro-booster. 

[0091] In addition to this, the brake device in which the various changes and 
improvements are applied can be the structure of the following embodiments. Each 
embodiment is divided into the clauses used in the claims, and the number is put to 
the each clauses, and it is described in form of quoting the number of other clauses if 
necessary. This is to make the understanding of this invention more easy, the 
technical feature and the combination described in this application are not limited to 
each of the following clauses. When more than one feature is described in one clause, 
all the features are not always used together, only the part of the features can be used. 

[0092] (1) A brake device comprising a fluid pressure source device which 
generates a fluid pressure based on operation of a brake operating member, and that is 
actuated by the fluid pressure generated by the fluid pressure source, comprising: 

a brake operating amount detector which detects the operating 
amount of the brake operating member, 

a fluid source pressure detector which detects the pressure 
generated in the fluid pressure source device, and 

a failure detector which detects the type of the failure 
distinctively of the brake device based on the pressure detected by the fluid source 
pressure detector and the amount of the brake operation detected by the brake 
operating amount detector. 
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[0093] In this brake device, the type of the failure in the brake device is 
detected distinctively based on the amount of brake operation and the pressure of the 
fluid pressure source device. 

[0094] For example, since the conditions of the fluid pressure source device 
are different based on the type of the failure, the type of the failure is detected 
distinctively based on the pressure of the fluid pressure source device corresponding 
to the amount of the brake operation. Since the type of the failure is detected, the 
driver can be informed of the type of the failure. In this case, the informing device 
which is operated distinctively based on the type of the failure is disposed with the 
brake device. 

[0095] The informing device contains, for example, a waming sound 
generator which generates a voice message or a buzzer. It can contain an indication 
device, which has an indication display or a waming lamp, and so on. The type of the 
failxire is informed directly by the indication display or the voice message and so on. 
In the case of the buzzer or the lamp, the failure type can be informed by changing the 
flashing pattem of the waming lamp, changing the frequency of the buzzer sound or 
changing the occurrence pattem corresponding to the type of flashing of the waming 
lamp. 

[0096] The fluid pressure source device can include, for example, ® a 
master cylinder which generates the fluid pressure corresponding to the input power, 
© (a) the master cylinder and (b) a booster which increases the operation power of the 
brake operating member and outputs to the master cylinder, or (3) a compressing 
device which compresses the operated fluid and supplies the operated fluid to the 
brake. Furthermore, it can include a fluid pressure control valve which is provided 
between the brake cylinder and the master cylinder or between the brake cylinder and 
the compressing device. For example, the brake fluid pressure is controlled by 
controlling the fluid pressure control device or the compressing device. 

[0097] The fluid source pressure detector can be a device which detects the 
output fluid pressure of the fluid pressure source device or a device which detects the 
fluid pressure in the fluid pressure source device. In the former case, the fluid 
pressure detected by the fluid source pressure detector is equal to the brake fluid 
pressure, but it is not always equal in the latter case. For example, if the fluid pressure 
source device contains the master cylinder and the fluid pressure control valve, the 
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former case is that the fluid source pressure detector corresponds to a device which 
detects the fluid pressure of the fluid pressure control valve of the brake cylinder side, 
the latter case is that it corresponds to a device which detects the fluid pressure of the 
master cylinder. 

[0098] The brake operating amount detector can be a device which detects 
the operating stroke of the brake operating member or a device which detects the 
operating power added to the brake operating member and so on. The fluid source 
pressure detector and the brake operating amount detector can be a device which 
detects the pressure of the fluid pressure source device directly, detects the brake 
operating amoimt directly or detects some kind of amount which is a counterpart of 
them, indirectly. 

[0099] The failure detector detects the type of the failure based on at least 
one amount of the brake operation and at least one fluid source pressure. In this case, 
the fluid source pressure is desirable to be the counterpart of the amount of the brake 
operation (the output pressure of the brake operation), but it is not limited to this. For 
example, the fluid source pressure can be at least one value which is detected when 
the amount of brake operation is within a predetermined range. On the other hand, the 
amount of the brake operation can be at least one value which is detected when the 
fluid source pressure is within the predetermined range. Furthermore, the failure 
detector can be a device which detects the type of the failure based on a detected value 
of an amount of the brake operation itself or the fluid source pressure, the changing 
condition of these detected values, or both the detected values itself and the changing 
condition. The changing condition corresponds to the amount of the change, the 
gradient of change or the tendency of the change. 

[0100] The type of the failure detected by the failure detector corresponds to 
failures in which the failure location is different from each other, the failure reason is 
different from each other or the level of the failure is different from each other when 
the failure reason is the same. The failures can be the failure in which the failure 
location is different, for example, the failure of the master cylinder, the failure of the 
booster, the failure of the fluid pressure control valve, the failure of the compressing 
device, the failure of the brake operating device, the failure of the brake cylinder, the 
failure in which the failure reason is different, the failure of the fluid leakage, the 
failure of the vacuum booster, the failure of the poor operation of the brake operation 
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device, the failure in which the level of failure is different, the large amount fluid 
leakage failure, the small amount fluid leakage failure. 

[0101] The failure detector can distinguish betw^een at least two types of 
failures out of these failures; for example, one embodiment can distinguish between 
the failure of the vacuum booster, the large amount fluid leakage failure and the small 
amount fluid leakage failure is described in the detailed description of the invention. 

[0102] (2) A brake device as in clause (1), further comprising a brake fluid 
control device which controls the brake fluid pressure in a different way based on the 
type of the failure detected by the failure detector. 

[0103] In the brake device described in this clause, the brake pressure is 
controlled based on the detected type of the failure. Therefore, the brake pressure is 
controlled appropriately based on the type of the failure. 

[0104] (3) A brake device as in clause (1) or (2), wherein the failure 
detector detects the type of the failure based on both the pressure detected by the fluid 
source pressure detector at the time when the amount of the brake operation detected 
by the brake operation amount detector is a first predetermined amount of operation, 
and the pressure detected by the fluid source pressure detector at the time when the 
amount of the brake operation detected by the brake operation amount detector is a 
second predetermined amount of operation which is larger than the first predetermined 
amount of operation. 

[0105] It can detect the type of the failiire based on more than two values, 
the amount of the brake operation and the pressure corresponds to the amount of the 
brake operation. 

[0106] (4) A brake device as in any one of clauses (l)-(3), wherein the 
failure detector detects and distinguishes the type of the failure between the case in 
which the pressure detected by the fluid source pressure detector at the time when the 
detected amount of the brake operation is the second predetermined amount of 
operation which is smaller than the predetermined first predetermined amount of 
operation is smaller than the second predetermined pressure which is larger than the 
first predetermined pressure and the case when the pressure is larger than the second 
predetermined pressure, and if the pressure detected by the fluid source pressure 
detector at the time when the amount of the brake operation detected by the brake 
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operation amovint detector is the first predetermined amount of operation is smaller 
than the first predetermined pressure. 

[0107] For example, if the pressure detected by the fluid source pressure 
detector at the time when the amount of the brake operation of the brake operating 
5 member is the first predetermined amount of operation is smaller than the first 

predetermined pressure, it can detect the occurrence of the failure of the brake device, 
but it is difficult to detect the type of the failure. In this case, it can detect the type of 
the failure based on whether the pressure of the fluid pressure source device at the 
time when the amount of the brake operation is the second predetermined amount of 

10 operation is smaller than the second predetermined pressure or not. One embodiment 
of this is described in the next clause. 

[0108] (5) A brake device as in clause (3) or (4), wherein the fluid 
pressure source device includes ® a master cylinder which generates the fluid 
pressure corresponding to the input power, and © a booster which increases the 

1 5 operation power of the brake operating member and outputs to the master cylinder, 

the fluid source pressure detector includes a master cylinder 
pressure detector which detects the pressure of the master cylinder or the connected 
portion of the master cylinder, and 

the failure detector detects the failure of the booster if the 

20 pressure of the master cylinder at the time when the amount of the brake operation is 
the second predetermined amount of operation is larger than the second predetermined 
pressure, and detects the failure of the fluid leakage of the brake device if the pressure 
of the master cylinder at the time when the amount of the brake operation is the 
second predetermined amount of operation is smaller than the second predetermined 

25 pressure. 

[0109] In this case, the second predetermined amoimt of operation is set to a 
value, for example, in which the master cylinder pressure becomes high enough unless 
the bottoming condition occurs, and the predetermined pressure is set to a very small 
value (almost 0). The predetermined amount of operation is set to a value which is 
30 much larger than the operation value when the bottoming condition occurs because of 
the failure of the fluid leakage. The bottoming condition is explained below. 

[0110] Both in the booster function failure and in the large amount of the 
fluid leakage failure, the detected master pressure corresponding to the first 
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determined amount of the operation is smaller than the first predetermined pressure. 
If the bottoming condition occurs because of the fluid leakage, the pressure of the 
master cylinder becomes almost 0. If the booster function failure occurs (the 
bottoming condition does not occur), the pressure does not become so smalL When 
5 the booster function failure occurs, and the brake operation power is not enlarged and 
the power is output to the master cylinder, the power corresponding to the brake 
operation power is generated in the master cylinder. Therefore, it can detect and 
distinguish between the booster function failure and the large amount fluid leakage 
failure based on this fact. 
10 [0111] The fluid source pressure detector can be a device which detects the 

^ fluid pressure of the pressure chamber in the master cylinder directly or detects the 

"^-J fluid pressure of the connected portion, for example, the fluid path expanded fi-om the 

gi pressure chamber of the master cylinder. If the device detects the pressure of the fluid 

"^;f path, it can be set close to the master cylinder or the wheel cylinder. The counterpart 

J« 15 of the fluid pressure of the master cylinder can be used by the device. 
Q [0112] (6) A brake device as in any one of clauses (3)-(5), wherein the 

f^l fluid pressure source device includes ® a master cylinder which generates the fluid 

ij! pressure corresponding to the input power, and ® a booster which enlarges the 

operation power of the brake operation member and outputs to the master cylinder, 
20 the fluid source pressure detector includes the master cylinder 

pressure detector which detects the pressure of the master cylinder or the connected 
portion of the master cylinder, 

the brake operating amoimt detector includes an operating 
power detector which detects the power added to the brake operating member, 
25 the failure detector detects the normal condition when the 

pressure detected by the master cylinder pressure detector at the time when the 
detected brake operating power is the second predetermined amount of operation is 
larger than the second predetermined pressure and the pressure at the time when the 
detected brake operating power is the first predetermined amount of operation is larger 
30 than the first predetermined pressure, and detects the booster function failure at the 
time when the pressure detected by the master cylinder pressure detector is smaller 
than the first predetermined pressure. 
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[0113] The first predetermined amount of operation can be, for example, a 
comparatively small value at the beginning of the brake operation, and an amount of 
the operation power which generate the pressure in the master pressure in the normal 
condition of the booster but does not generate the pressure in the failure condition of 
the booster. The first predetermined pressure can be a value smaller than the 
maximum value which is generated in the master cylinder in almost the normal 
condition of the brake device (the small amount fluid leakage condition can be the 
normal condition). The first predetermined amount of the operation can be decided 
based on, for example, the set load of the return spring in the brake operating member, 
the booster, the master cylinder and so on. 

[0114] When the booster is in the normal condition, the brake operating 
power and the assistance power of the booster is supplied to the output member of the 
booster, and the output power of the output member is supplied to the pressure piston 
of the master cylinder. In the booster, when the brake operating power which is 
supplied to the input member from the brake operating member becomes larger than 
the set load of the retum spring of the input member, the input member is forwarded 
against the power of the retum spring, and the control valve is operated and the 
assistance power is generated by the power piston, 

[0115] In the master cylinder, the output power which is supplied to the 
pressure piston from the power piston is larger than the set load of the retum spring of 
the master cylinder, the pressure piston is forwarded against the power of the retum 
spring, and the fluid pressure is generated in the pressure room. 

[0116] On the other hand, when the booster is in a failure condition, since 
the assistance power is not generated by the power piston, the power which is supplied 
to the pressure piston corresponds to the brake operating power. When the power 
which is supplied to the input member becomes larger than the set load of the retum 
spring of the power piston (in general, the set load of the retum spring of the input 
member is much smaller than the set load of the retum spring of the power piston), the 
power piston is moved, and if the power which is supplied to the pressure piston is 
larger than the set load of the retum spring of the master cylinder, the pressure piston 
is moved and the fluid pressure is generated in the pressure chamber. 

[0117] As is clear from the above explanation, when the booster is in the 
normal condition, if the power which is supplied to the pressure piston of the master 
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cylinder (the sum of the brake operating power by the driver and the assistance power 
of the booster) is beyond the set load of the return spring of the master cylinder, the 
fluid pressure is generated in the pressure chamber of the master cylinder, but when 
the booster is in the failure condition, if the power which is supplied to the pressure 
5 piston (the brake operating power) is smaller than the set load of the return spring of 
the master cylinder, the fluid pressure is not generated in the pressure chamber. 
Therefore, when the value between these values is determined to the first 
predetermined amoimt of the operation, it can detect the booster function failure 
surely. 

10 [0118] (7) A brake device as in any one of clauses (l)-(6), wherein the 

fluid pressure source device includes the master cylinder which generates the fluid 
pressure corresponding to the input power, and 

the failure detector includes a bottoming detector which detects 
a bottoming condition in the master cylinder. 

1 5 [0119] For example, it can detect the type of the failure based on both the 

detected result of whether the bottoming condition is detected or not, and both the 
amount of the brake operation and the pressure of the fluid pressure source. Even if 
both the amount of the brake operation and the pressure of the fluid pressure source 
are the same, it can distinguish the different failures based on whether the bottoming 

20 condition is detected or not. 

[0120] The bottoming condition is the condition in which, if the master 
cylinder has one pressure piston, the pressure piston is contacted to the stopper 
disposed in the master cylinder itself (it can be replaced to the bottom of the master 
cylinder itself). If the master cylinder has two pressure pistons, the bottoming 

25 condition is the condition in which: ® the pressure piston in front of the two pressure 
pistons is contacted to the stopper of the master cylinder 14 (it may be located at the 
bottom part of the master cylinder as well), ® the rear pressure piston is contacted to 
the front pressure piston, or ® both the condition ® and the condition ® occurs (the 
front pressure piston is contacted to the master cyUnder etc. and the rear pressure 

30 piston is contacted to the front piston). 

[0121] The bottoming condition can be detected based on at least either of 
the changing condition of the amount of the brake operation or the changing condition 



32 

of the pressure of the fluid pressure source devices; some embodiments are explained 
in the following clauses (8) through (16). 

[0122] The bottoming detector can detect the condition in which the 
pressure piston is contacted to the master cylinder itself (either of the above 
mentioned conditions), or the contacting situation. 

[0123] (8) A brake device as in clause (7), wherein the brake operating 
amount detector includes an operation power detector which detects the power 
supplied to the brake operating member, and 

the bottoming detector detects the bottoming condition based 
on whether an increasing gradient of the operation power detected by the brake 
operating amount detector is larger than the predetermined gradient or not. 

[0124] In the bottoming condition, the reaction power supplied to the 
pressure piston is increased with an increase of the brake operation power. Since the 
pressure of the master cylinder is decreased rapidly, it is common that the driver 
increases the brake operation power rapidly. Therefore, when the bottoming condition 
occurs, the increasing gradient of the brake operation power becomes large, and it can 
detect the bottoming condition based on this fact. It can detect the bottoming 
condition based on the changing condition of the increasing gradient of the brake 
operation power. If the bottoming condition occurs, the increasing gradient is 
increased rapidly, and it can detect the bottoming condition based on this fact (for 
example, if the increasing gradient is larger than the predetermined ratio or if the 
increasing ratio of the increasing gradient is larger than the predetermined ratio and so 
on). 

[0125] (9) A brake device as in clause (7) or (8), wherein the fluid source 
pressure detector includes a master cylinder pressure detector which detects the 
pressure of the pressure chamber of the master cylinder or the connected portion of the 
master cylinder, and 

the bottoming detector detects the bottoming condition based 
on whether the decreasing gradient of the master pressure detected by the master 
cylinder pressure detector is larger than the predetermined gradient or not during the 
brake operation. 

[0126] When the bottoming condition occurs, the fluid pressure of the 
master cylinder is decreased rapidly. Therefore, it can detect the bottoming condition 
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based on the decreasing gradient of the fluid pressure of the master cylinder. Like the 
former clause, it can detect the bottoming condition based on the changing condition 
of the decreasing gradient of the fluid pressure of the master cylinder. 

[0127] (10) A brake device as in any one of clauses (7)-(9), wherein the 
5 brake operating amount detector includes a stroke detector which detects the operating 
stroke of the brake operating member, and 

the bottoming detector detects the bottoming condition based 
on whether the increasing gradient of the stroke detected by the stroke detector is 
smaller than the predetermined gradient. 
10 [0128] In the bottoming condition, the increasing gradient of the operating 

stroke becomes very small. Therefore, it can detect the bottoming condition based on 
the increasing gradient of the operating stroke. It can detect the bottoming condition 
^4 based on the changing condition of the increasing gradient of the operating stroke, 

sj [0129] In the bottoming condition, in the case of above mentioned ® , i.e., 

jt- J 5 ® the front pressure piston is contacted to the master cylinder 14 itself; and d) the 

rear pressure piston is contacted to the front pressure piston, the increasing gradient of 
Uil the stroke becomes 0, and the stroke is kept at the constant value, but in the case of ® 

•Liii 

Q the front pressure piston is contacted to the master cylinder 14 itself or (D the rear 

pressure piston is contacted to the front pressure piston, the increasing gradient does 
20 not become 0, But in this case, the increasing gradient becomes very small. 

[0130] (11) A brake device as in clause (10), wherein the bottoming 
detector detects the bottoming condition based on the detected stroke at the time when 
the stroke detected by the stroke detector is larger than the predetermined stroke. 

[0131] If the operating stroke of the brake operating member is kept almost a 
25 constant stroke, the changing gradient of the detected stroke becomes very small even 
if the bottoming condition does not occur. But in this case, the detected stroke is not a 
large value. Therefore, it can detect the bottoming condition accurately. 

[0132] (12) A brake device as in any one of clauses (7)-(l 1), wherein the 
fluid pressure source device includes (D a master cylinder which generates the fluid 
30 pressure corresponding to the input power, ® (a) a first chamber which is connected 
to the intake air side of the combustion chamber of the engine, (b) a second chamber 
which is changed from the sealing condition which is sealed from the atmosphere to 
the connecting condition which is connected to the atmosphere. 
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a booster which increases the operating power supplied to the 
brake operating member and outputs to the master cylinder based on the pressure 
difference between the first chamber and the second chamber, 

the fluid source pressure detector includes a booster pressure 
detector which detects the pressure of the first chamber of the booster, and 

the bottoming detector detects the bottoming condition based 
on whether the booster pressure detected by the booster pressure detector is changed 
to a condition in which the booster pressure is approached to the vacuum pressure or 
not. 

[0133] The pressure of the first chamber (the vacuum chamber) is 
approached to the pressure of the atmosphere as the operating stroke increases, but 
when the stroke is not increased because of the bottoming condition, the pressure is 
not approached to the pressure of the atmosphere. In this situation, the pressure is 
approached to the vacuum pressure if the engine is in the normal condition. The 
pressure of the first chamber is changed from the tendency of approaching to the 
atmosphere to the tendency of approaching to the vacuum. On the other hand, as 
described above, the stroke is increased slightly even if the bottoming condition 
occurs. In this case, the pressure is not always approached to the vacuum at once in 
the bottoming condition. The tendency of approaching to the atmosphere of the 
pressure of the first chamber is decreased or the pressure is kept at the constant value, 
in either case, it is changed to the condition of approaching to the vacuum. 

[0134] (13) A brake device as in clause (12), wherein the bottoming 
detector detects the bottoming condition based on the detected booster pressure when 
the brake operation detected by the brake operating amount detector is increasing 
situation. 

[0135] If the operating power supplied to the brake operating member is 
decreased by the driver or the operating power is kept at a constant value when the 
bottoming condition does not occur, the booster pressure is changed to the condition 
of approaching to the vacuum. On the other hand, the booster pressure is not 
approached to the vacuum pressure when the brake operating power is increasing. It 
can detect the bottoming condition accurately based on this fact. 

[0136] (14) A brake device as in any one of clauses (7)-(l 3), wherein the 
bottoming detector detects the bottoming condition if two of the four conditions, ® 
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the changing condition of the brake operating power, (2) the changing condition of the 
pressure of the master cyUnder, ® the changing of the operating stroke, ® the 
changing condition of the pressure of the booster, are satisfied. 

[0137] It can detect the bottoming condition based on whether one condition 
5 is satisfied of ® though ® , but it can also detect the bottoming condition based on 

whether two conditions are satisfied of ® though ® . In this case, the accuracy of the 

detection of the bottoming condition is improved. 

[0138] (15) A brake device as in any one of clauses (7)-(14), wherein the 
fluid source pressure detector includes a master cylinder pressure detector which 
10 detects the pressure of the master cylinder or the connected portion of the master 
cylinder, 

the failure detector detects a small amount of fluid leakage 
failure based on whether the master pressure detected by the master cylinder pressure 
detector at the time when the brake operation detected by the brake operating amount 

1 5 detector is the first predetermined operation is larger than the first predetermined 
pressure, and the decreasing gradient of the master pressure detected by the master 
cylinder pressure detector is larger than the predetermined gradient, and 

the brake fluid control device includes a leakage amount 
control device which increases the supplying amount of the fluid to the brake, if the 

20 failure detector detects the small amount of fluid leakage failure, from the supplying 
amoimt of the fluid when the large amount of fluid leakage failure is detected. 

[0139] The case in which the master pressure at the time when the brake 
operation is the first predetermined operation is larger than the first predetermined 
pressure is either the small amount fluid leak failure or the normal condition of the 

25 brake device. In the large fluid leakage case, since the fluid pressure of the master 

cylinder is very small before the detection of the bottoming condition, the decreasing 
gradient of the fluid pressure of the master cylinder does not always become large. 
Therefore, the master pressure of the first predetermined operation is larger than the 
first predetermined pressure, and if the decreasing gradient when the bottoming 

30 condition is detected is large, it can detect the small amount fluid leakage failure. 

[0140] If the small amount fluid leakage failure is detected, the supplying 
amount of fluid is increased fi*om the large amount fluid leakage failxire case, because 
if the supplying amount of fluid is increased in the large amount fluid leakage case, it 
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is not desirable to increase the fluid leakage. On the other hand, if the supplying 
amount of fluid is increased in the small amount fluid leakage case, it can reduce the 
delay of the increasing the brake fluid pressure. 

[0141] (16) A brake device as in any one of clauses (7)-(15), wherein the 
failure detector includes a bottoming failure detector which distinguishes the 
bottoming failure which is the failure of the bottoming condition in the master 
cylinder from other failures. 

[0142] In this brake device described in this clause, the bottoming failure 
which occurs because of the bottoming condition is distinguished from the booster 
function failure and so on. The bottoming failure is detected based on at least one of 
the brake operation detected by the brake operating amount detector and the pressure 
of the fluid source detected by the fluid source pressure detector. 

[0143] (17) A brake device comprising a fluid pressure source device 
having a master cylinder which generates a fluid pressure corresponding to an 
operating power supplied to the brake operating member, and a brake that is operated 
by the fluid pressure generated by the fluid pressure source device, and comprising: 

a bottoming detector which detects a bottoming condition in the 
master cylinder based on at least one condition of the changing condition of the 
operating amount of the brake operating member and the changing condition of the 
pressure of the fluid pressure source device, 

a failure detector which detects different types of failures based 
on whether the bottoming condition is detected or not, and 

a brake fluid control device which controls the brake fluid 
pressure in different ways based on the type of the failure detected by the failure 
detector. 

[0144] For example, if the bottoming condition is detected, it can detect the 
fluid leakage because the bottoming condition is caused by the fluid leakage. When 
the bottoming condition is detected, the fluid leakage has not always occiorred. 

[0145] (18) A brake device as in any one of clauses (1)-(17), wherein the 
fluid pressure source device includes a master cylinder which generates the fluid 
pressure corresponding to the input power, a booster which increases the operation 
power of the brake operation member and outputs to the master cylinder. 




37 

the brake operating amount detector includes an operating 
power detector which detects the operating power suppUed to the brake operating 
member, 

the fluid source pressure detector includes a master cylinder 
5 pressure detector which detects the pressure of the master cylinder or the connected 
portion of the master cylinder, and 

the failure detector includes a booster failure detector which 
detects the booster failure in the brake operation from the other failures based on 
whether either of ® the increasing gradient of the operating power detected by the 
10 operating power detector is larger than the predetermined gradient, or ® the 

decreasing gradient of the pressure detected by the fluid source detector is larger than 
the predetermined gradient is satisfied and when the master pressure detected by the 
master cylinder pressure detector is larger than the predetermined pressure. 

[0146] If the booster failure occurs during the brake operation, the brake 
1 5 operating power increases, and the quasi-bottoming condition which is similar to the 
bottoming condition in which the master fluid pressure is decreased rapidly occurs. 
But in the booster failure, the fluid pressure of the master cylinder does not become 
smaller than the predetermined pressure after the bottoming condition. Therefore, 
even if the quasi-bottoming condition is detected, it can distinguish the booster failure 
20 from the fluid leakage failure based on the fluid pressure of the master cylinder after 
that time. 

[0147] In other words, the brake device described in this clause can detect 
the actual bottoming condition and the quasi-bottoming condition. The technical 
feature described in this clause is applicable independently from the features of 
25 clauses (1) through (16). For example, it may not be the failure detector which detects 
the type of the failure. 

[0148] (19) A brake device as in any one of clauses (1)-(18), wherein the 
fluid pressure source device is a master cylinder which has two pressure chambers and 
generates the fluid pressure corresponding to the input power, and includes a front 
30 side brake connected to either of the two pressure chambers and a rear side brake 
connected to the other pressure chamber, and 

the fluid source pressure detector includes a front wheel side 
pressure detector which detects the fluid pressure of the pressure chamber which is 
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connected to the front wheel side brake or the portion connected to the pressure 
chamber of the master cylinder. 

[0149] Since it is common that the larger brake power can be obtained in the 
front wheel side, the detection of the failure in the front wheel side is more important 
than the rear wheel side. The technical feature described in this clause is applicable 
independently from the features of clauses (1) through (17). 

[0150] (20) A brake device as in clause (19), wherein the master cylinder 
includes the two pressure chambers which are set in series with each other. 

[0151] In the brake device described in this clause, the master cylinder is a 
tandem type. 

[0152] (21) A brake device as in any one of clauses (2)-(20), wherein the 
brake fluid control device includes a failure type related fluid control device which 
controls the fluid pressure source device based on the type of the failiire detected by 
the failure detector. 

[0153] The brake fluid pressure is controlled by controlling of the fluid 
pressure source device. Therefore, if it controls the fluid pressure source device based 
on the type of the failure, it can control the brake fluid pressure based on that. For 
example, if the fluid pressure source device includes the above mentioned 
compressing device, the control condition of the supplying energy to the compressing 
device is changed based on the type of the failure, and the supplying current to the 
fluid control valve is changed based on the type of the failure. 

[0154] (22) A brake device as in clause (21), wherein the brake fluid 
control device includes a normal condition fluid control device which controls the 
fluid pressure source device so as to make the brake fluid pressure approach to the 
target fluid pressure which is determined based on the operating condition of the brake 
operating member, and 

the failure type related fluid control device includes a failure 
type related target pressure determination device which determines the target fluid 
pressure based on the type of the failure. 

[0155] If the target fluid pressure in the case in which the brake fluid 
pressure is controlled so that the requested brake power by the driver is determined 
based on, for example, the operating condition of the brake operating member is 
determined based on the type of the failure, the decline of the brake power caused by 
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the failure can be reduced. For example, the value of the gain to the brake operating 
condition is changed, or the amount of the compensation of the target pressure is 
changed. 

[0156] The target pressure in the failure condition is not always determined 
5 so that the current pressure is approached to the brake condition in the normal 

condition, it can be determined to be a smaller fluid pressure than the brake fluid 
pressure in the normal condition. Therefore it can inform the driver of the occurrence 
of the failure surely. 

[0157] (23) A brake device as in any one of clauses (19)-(22), wherein the 
10 brake fluid control device controls so that if the failure is detected in the front wheel 
side brake system, the brake fluid pressure in the rear wheel side brake system is 
increased. 

[0158] When the front wheel side brake system is in the failure condition, if 
the brake fluid pressure of the rear wheel side brake system is increased, the decline of 
1 5 the brake power caused by the failure can be reduced. It is desirable to make the brake 
fluid pressure of the rear wheel side be the maximum value, 

[0159] (24) A brake device as in any one of clauses (2)-(23), wherein the 
fluid pressure source device includes a master cylinder which has a pressure chamber 
that generates the fluid pressure corresponding to the input power, a first compressing 
20 device which compresses the operated fluid of the pressure chamber of the master 

cylinder and supplies to the brake, a second compressing device which compresses the 
operated fluid stored in the atmospheric condition in a reservoir tank which is larger 
than the pressure chamber of the master cylinder, and 

the brake fluid control device includes a brake condition 
25 selection device which selects either of a first condition in which the brake is 

compressed by the first compressing device, or a second condition in which the brake 
is compressed by the second compressing device based on the type of the failure. 

[0160] In the second condition, the supplying fluid to the brake becomes 
larger than the first condition. Therefore, if the small amount fluid leakage condition 
30 is detected, it is desirable to select the second condition. 

[0161] (25) A brake device as in clause (24), wherein the brake condition 
selection device selects the first condition if at least the booster failure or the large 
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amount fluid leakage failure is detected by the failure detector, and selects the second 
condition if the small amount fluid leakage failure is detected. 

[0162] (26) A brake device having a fluid pressure source device 
comprising a master cylinder which generates a fluid pressure corresponding to an 
operating power of a brake operating member, the brake device actuated by the fluid 
pressure generated by the fluid pressure source, and comprising: 

a bottoming detector which detects a bottoming condition in the 
master cylinder based on either of at least a changing condition of the operation of the 
brake operating member or a changing condition of the pressure of the fluid pressure 
source device. 



